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[57] ABSTRACT

A data processing apparatus which allows a large num-
ber of micro instructions to be read at high speeds by
storing frequently used micro instructions in the on-
chip ROM and those less frequently used in the off-chip
memory. From the address of the micro instruction to
be accessed, 1t is determined whether the micro instruc-
tion 1s stored in the on-chip ROM or the off-chip mem-
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INFORMATION PROCESSING APPARATUS
HAVING MICRO INSTRUCTIONS STORED BOTH
IN ON-CHIP ROM AND OFF-CHIP MEMORY

BACKGROUND OF THE INVENTION

The present invention relates to information process-
ing apparatus, such as minicomputers that are con-
trollied by micro instructions, and more specifically to
information processing apparatus suitable for high-
speed reading of a large number of micro instructions
and for fabricating the system into a VLSI circuit.

The commonly used configuration of the conven-
tional apparatus is shown in FIG. 14. The apparatus of
this kind 1s introduced in the IEEE Journal of Solid-
State Circuits, Vol. SC-19, No. §, October (1984), pp
663-674. The conventional apparatus consists of a basic
processing unit (BPU) 14002 for decoding and execut-
ing instructions, a RAM 14001 called a control storage
(CS) for storing micro instructions, and a main memory
14003. In the figure, 14004 denotes an address bus for
micro instructions, 14005 a bus for reading the micro
instructions, 14006 an address bus for the main memory,
and 14007 a data bus. The capacity of the micro instruc-
tions 1s about 8 to 16k words. The micro instruction is
read out normally once for every machine cycle and is
decoded and used for controlling the computing device
in the BPU. The machine cycle is the fundamental unit
of duration for operation that determines the perfor-
mance of the computer and the time needed for reading
the micro instructions often becomes a critical factor for
determining the machine cycle.

Another example of the conventional apparatus is
given n the Japanese Patent Laid-Open No.
95446/1986. This i1s a logic circuit which consists of a
selection section that selectively switches between a
first micro instruction stored in the control storage and
a second micro instruction supplied from an external
circuit, and a signal processing section that is controlled
by the first or second micro instruction. This apparatus
lacks design considerations in three points high-speed
reading of the micro instructions, reduction in the num-
ber of pins, and correction of micro instructions.

With the advance of LSI technology and increased
circuit density, it has become possible to fabricate the
basic processing unit (BPU) in one chip. The delay time
of the logic gates that constitute the LSI has decreased
to below 1 ns, thus contrnibuting significantly to a short-
ening of the machine cycle. The International Solid
State Circuits Conference of 1986 introduced a circuit
which achieves a the machine cycle of 60 MHz (17 ns)
by combining bipolar transistors and MOS transistors at
the basic circuit level to take advantage of the high
signal speed of the bipolar transistor and the high circuit
density and low power consumption of the MOS tran-
sistor.

However, the high speed obtained as a result of large
scale integration is only effective when the signal is
confined within the chip and the delay can be as large as
10 ns to 20 ns when the signal is transferred between
chips. In other words, while the speed at which signal is
transferred between the logic gates in the one and the
same chip is greatly increased, there 1s a limit to a reduc-
tion in the signal transfer time between the chips. This is
because the load capacity of the logic gates in the chip
reduces as the circuit density increases, whereas the
package capacity and the wiring capacity connecting
the packages on a printed circuit card remain almost
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unchanged. Thus, if the control storage (CS) is formed
using a RAM different from the chip of the basic pro-
cessing unit (BPU) according to the conventional con-
figuration, signal transfer occurs between the chips and
improvement in the machine cycle is limited. Moreover,
since the micro instruction usually has a width of about
64 bits, connection of the BPU to both the memory bus
and the micro instruction bus results in a significant
increase in the number of pins of the BPUs.

On the other hand, if as in a microprocessor the micro
instructions are stored in the on-chip ROM, there is no
signal transfer between LSlIs, allowing reduction in the

- machine cycle. However, the capacity of the ROM that
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can be built on the chip is only 2k words to 4k words
and it 1s not possible to store on the chip all of the large
number of micro instructions that are necessary to form
a minicomputer. This method has another problem that,
if the BPU is manufactured with a ROM as an LSI, an
error in the micro instruction cannot easily be cor-
rected.

SUMMARY OF THE INVENTION

A primary object of this invention is to provide an
information processing apparatus suitable for VLSI
circuit integration that can read a large number of micro
instructions effectively and at high speeds. At the same
time it is desirable that the above objective can be
achieved without having to change the micro instruc-
tions.

A second object of this invention is to provide an
information processing apparatus that is suited for
VLSI circuit integration by using chips with a small
number of pins.

A third object of this invention is to provide an infor-
mation processing apparatus in which the micro instruc-
tions can eastly be corrected.

These three considerations are not incorporated in
the conventional apparatus.

The first object can be achieved by dividing the
mICro instructions into two parts with one part being
stored in a high-speed ROM and the other part con-
tained in an off-chip memory and with these two groups
of micro instructions accessed in parallel. That is, this
object ts realized by detecting from the address of a
micro instruction that the micro instruction looked for
1Is not contained in the ROM; converting the micro
instruction address into a memory address; and sup-
pressing the micro instruction read out from the ROM
while setting the micro instruction that was read out
from the memory according to the address in a register
used to hold the micro instruction.

The second objective is realized by storing in the
main memory the micro instructions that could not be
stored in the ROM. To put it in more specific terms, this
objective can be achieved by converting the address of
a rMicro mnstruction into a main memory address; storing
the converted address in a register connected to the
main memory address bus; and, using the main memory
data bus to set the micro instruction read out from the
main memory in a register used to hold the micro in-
struction for controlling the computation unit.

The third objective is realized by detecting from the
micro instruction address that the micro instruction in
question is not contained in the on-chip high speed
ROM by using one or more registers for holding the
addresses of the micro instructions that are not con-
tained in the ROM; and a comparator to compare the
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micro instruction address with addresses in these regis-
ters simultaneously to detect that there is at least one
register which agrees with the address.

Some of the micro instructions are frequently used
and others are not. The frequently used micro instruc-
tions are stored in the on-chip ROM and those less
frequently used are placed in the off-chip memory. This
permits high speed reading of a large number of micro
instructions.

Providing the address and data buses for micro in-
structions separate from those of the main memory will
increase the number of pins of the BPU. However, if the
micro instructions that are not contained in the high
speed ROM and which are not often used are stored in
the main memory and if these micro instructions are
read out through the address bus and data bus of the
main memory, an increase in the number of pins can be
prevented.

Still another advantage of this invention is that de-
bugging can easily be conducted if the following proce-
dure 1s employed. That is, checking the address of a
micro instruction to detect that the micro instruction is
not contained in the ROM using a register group hold-
ing the addresses of two or more micro instructions to
be debugged and a comparator which compares each of
the addresses in these registers with the address of the
micro instruction to check that there 1s at least one
register which holds an address which agrees with the
micro instruction address. In more detail, the addresses
of the micro instructions to be debugged are written in
the registers beforehand and correct micro instructions
are provided in the main memory. This suppresses the
output from the ROM when an attempt 1s made to read
the micro instruction and instead the correct micro
instruction read from the main memory is set in the
register.

The main memory mentioned above refers to a mem-
ory space accessed on the basis of an address output
from the BPU and this invention i1s not dependent on the
concrete method of realizing that memory. It is possible
to implement a part of the main memory for holding
normal instructions and data with a DRAM and a part
of the main memory storing micro instructions with a
SRAM. It is also possible to form both of these memo-
ries with a DRAM. Generally, a cashe memory is pro-
vided for enhancing the signal transfer speed. This in-
vention 1s also applicable to these main memory config-
urations. The cache memory is effective for the system
that employs this invention. That is, the micro instruc-
tion in the main memory does not enter the cache mem-
ory when not accessed. But once accessed, the micro
instruction is registered in the cashe memory permitting
higher signal transfer for succeeding accesses.

Other objects and features of this invention will be-
come apparent from the following descriptions of exem-
plary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram of a micro instruction con-
trol unit forming an embodiment of this invention;

FI1G. 2 and FI1G. 15 are schematic block diagrams of
the embodiments of the invention:

FIGS. 3 through 8 are diagrams explaining a circuit
for detecting that a micro instruction i1s not contained in
the ROM.:

F1G. 9 1s a diagram showing a circuit to generate the
address of a micro instruction on the memory;
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FIG. 1015 a diagram showing a next address control
CIrcuit;
FIG. 11 is a timing chart for the micro instruction
control unit;
FIG. 12 and FIG. 13 are diagrams explaining the
MICro instructions; and
F1G. 14 is a block diagram showing the conventional
apparatus.
F1G. 15 1s another embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENT

FIG. 2 is a schematic block diagram showing the
overall configuration of one embodiment of this inven-
tion.

Reference numeral 2000 denotes a basic processing
unit (BPU) or microprocessor built on a single semicon-
ductor chip which reads instructions and executes a
processing according to the instructions. Numeral 2001
denotes a semiconductor main memory. Numeral 2100
denotes an instruction buffer to store macro instructions
that are read out from the semiconductor main memory;
2101 denotes an instruction fetch unit that manages the
reading of instructions into the instruction buffer 2100;

5 2102 denotes micro instruction control unit; 2103 de-
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notes micro wmstruction decoder; 2104 denotes a compu-
tation unit; 2105 denotes a memory control unit; 2106
denotes a micro instruction pointer wIP that holds the
address, of a micro instruction in the main memory;
2108 denotes a memory address register MAR holding
the address of an operand to be read or written; and
2109 denotes a memory data register MDR for holding
the data to be written as an operand or the data read out.

2201 denotes a 32-bit address bus for the main mem-
ory and 2200 denotes a 64-bit data bus for the main
memory.

When there is a vacancy in the instruction buffer
2100, the instruction fetch unit 2101 supplies an instruc-
tion receive enable signal 2206 to the memory control
unit 2105. When the memory control unit has com-
pleted the instruction fetch, it returns an instruction
fetch termination signal 2207 to the instruction fetch
unit 2101. At this time, the instruction fetch unit 2101
places a macro instruction read from the data bus 2200
into the instruction buffer 2100. In response to a request
from the micro instruction control unit 2102, the in-
struction fetch unit 2101 sends a macro instruction
stored in the instruction buffer 2100 to the micro in-
struction control urut 2102 via line 2203.

The micro instruction control unit 2102 performs
decoding of the micro instructions and reading out of
the micro instructions. Of the macro instructions thus
read out, the field 2204 controlling the computation unit
2104 1s sent to the micro instruction decoder 2103. The
micro instruction decoder 2103 decodes the micro in-
struction received and sends the computation unit con-
trol signal 2205 to the computation unit 2104. The signal
2216 1s to inform the micro instruction control unit 2102
whether the conditions for a conditional branch are met
or not. The computation unit 2104 sends the calculated
address to the memory address register 2108 through
bus 2214. It also sends data to be written into memory to
the memory data register 2109 and receives data from
memory through bus 2215.

When 1t is necessary to read an operand from mem-
Ory In executing an instruction, the micro instruction
control unit 2102 sets the operand address in the mem-
ory address register 2108 and sends an operand read
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request signal 2210 to the memory control unit 2105.
The memory control unit 2108, according to the oper-
and read request signal 2210, performs reading, sets the
operand thus read in the memory data register 2109 and
then sends the memory access end signal 2209 to the
micro instruction control unit 2102. Writing of oper-
ands 1s performed in a similar way.

When the desired micro instruction is not found in the
-~ on-chip ROM, the micro instruction contro! unit 2102
sends the memory address of the micro instruction to
the micro mstruction pointer 2106 through the address
bus 2212 and at the same time feeds the micro instruc-
tion read request signal 2211 to the memory control unit
21085 and then waits for the micro instruction to be read
out. The memory control unit 2105 reads the micro
instruction from the main memory 2001 and returns the
memory access end signal 2209 to the micro instruction
control unit 2102. At that time, the micro instruction
control unit 2102 receives the micro instruction from
the main memory data bus 2200 and executes that in-
struction.

Lastly, the operation of the memory control unit 2105
is summarized below. The memory control unit 2105
performs three operations: reading and writing of oper-
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meral 3000 denotes a ROM in which micro instructions
are stored and whose capacity is 4k words. 3007 denotes
a micro instruction address register (MIAR) that holds
the address of a micro instruction. The MIAR is 14-bit
wide and can specify any micro instruction from among
the 16k words of micro instructions. 3005 denotes a
circuit to detect that the target micro instruction is not
contained in the ROM 3000. 3008 denotes a circuit to
generate an address for a micro instruction stored in the
main memory. 3004 denotes an instruction decoder;
3003 denotes a control circuit to determine the address
of the next micro instruction; 3009 and 3010 denote

~ selectors; 3001 denotes a sub micro instruction register

15

20

ands, reading of micro mstructions, and reading of 25

macro instructions. For these three operations, three
registers—a memory address register 2108, a micro
instruction pointer 2106, and a fetch pointer 2107—are
used. When the operand read request 2210 is received,
the memory control unit 2108 places the contents of the
memory address register 2108 on the address bus 2201
for the main memory. Then it sets the data thus read in
the memory data register 2109 through the data bus
2200 and returns the memory access end signal 2209 to
the micro mstruction control unit 2102. When it re-
ceives the micro instruction read request signal 2211
from the micro instruction control unit 2102, the mem-
ory control unit 2105 places the contents of the micro
instruction pointer 2106 on the address bus 2201, sends
the data thus read out to the micro instruction control
unit 2102 through the data bus 2200, and sends back the
memory access end signal 2209. And finally, when it
receives the instruction receive enable signal 2206, the
memory control unit 210§ places the contents of the
fetch pointer 2107 on the address bus 2201, sends the
data thus read out to the instruction buffer 2100 through
the data bus 2200, and returns the instruction read end
signal. A signal 2208 indicates that the above three kinds
of memory accesses have terminated in an abnormal
condition.

There is a possibility that the operand read/write
request, the micro instruction read request and the
macro instruction read request may contend against
each other. In that case, a priority is given in the order
of the operand read/write request, the micro instruction
read request, and the macro instruction read request.
For instance, a macro instruction read operation is per-
formed only when there is no operand read/write oper-
ation nor micro instruction read operation to be per-
formed. This gives a pnority to the memory access
associated with the instruction that i1s already under
process to enable effective pipeline processing. Like-
wise, an operand read request that was put out from the
previous micro instruction is processed in preference to
the next micro instruction read/write request.

Next, a detailed explanation will be given as to the
configuration of the micro instruction control unit 2102.

FI1G. 1 is the block diagram explaining the unit. Nu-

30

35

45

35

60

63

(SMIR) to hold a micro instruction: 3002 denotes a
micro instruction register (MIR) to hold a micro in-
struction; and 3006 denotes a one-bit register to hold a
signal indicating that the micro instruction is not in the
ROM.

The instruction decoder 3004 decodes the instruction
sent from the instruction fetch unit 2101 through the bus
2203 and sends the 14-bit-wide start address of the
micro instruction to the next address control circuit

3003 through the bus 3100.

The control circuit 3003 generates the next micro
instruction address from various signals and sets the
address in the MIAR 3007 through the bus 3110. The 12
lower order bits of the 14-bit-wide MIAR are sent to the
ROM 3000 and all the 14 bits are sent to the circuits
3005 and 3008. The circuit 3005 checks the MIAR 3007
and, when it finds that the micro instruction of that
address does not exist in the ROM, sends the micro
instruction read signal 2210 to the memory control unit
2105. The circuit 3008 also controls the selector 3010
through the signal line 3103 so that, of the ROM output
and the main memory data bus, both connected to the
selector 3010, the latter is selected to store the micro
instruction in the SMIR 3001. The signal 3103 indicat-
ing that the micro instruction is not found in the ROM
Is set in the register 3006 to cause, through the signal
3104, the control circuit 3003 to wait for the micro
istruction to be read out. The circuit 3005 receives the
output 2215 of the memory data register 2109 and the
control field 3111 of the micro instruction to allow the
address of the micro instruction that one wants to debug
to be written in. The detailed operation will be de-
scribed later by referring to FIGS. 3 through 7.

The circuit 3008 at all times converts the 14 bits of
MIAR into the main memory address and sends it to the
micro instruction pointer 2106 through the 32-bit bus
2212 1n case the mstruction indicated by the MIAR is
not in the ROM 3000. To perform the base address
setting required for the address conversion, the circuit
3008 receives the signals on bus 2215 from the memory
data register 2109 and the control field 3112 of the
micro instruction. The detailed operation of this circuit
will be described later by referring to FIG. 9.

The format of the micro instruction set in the SMIR
3001 is shown in FIG. 12. It contains a 14-bit-wide
LITERAL field showing the address to which the pro-
gram should jump, a SEQUENCECONT field for con-
trolling the next address, and an OFWALIT field for
telling the computation unit to wait for the completion
of the operand fetch. Other fields are not related to this
invention and an explanation thereof is omitted here.

The control circuit 3003, upon receiving a micro
instruction start address 3100, the three fields LIT-
ERAL, SEQUENCECONT and OFWAIT output
from the SMIR 3105, a micro instruction read wait
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signal 3104, a condition confirmity signal 2216, a mem-
ory access end signal 2209 and a memory error signal
2208, produces a next instruction address 3110 and a
control signal 3106 for the selector 3009. The process
for determining the next address will be detailed later
on. When the operand fetch wait signal OFWAIT or
the micro instruction read wait signal pWIFWAIT (signal
3104) are asserted and the memory access end signal
MEND 2209 is negated (MEND (OFFWAIT + ulIF-
WAIT)), then the control circuit 3003 controls the
selector 3009 through the control line 3106 to set the
micro instruction specifying no operation in the MIR
3002. As a result, the computation unit 2104 does noth-
ing but just waits for the operand to be fetched or for
the micro instruction to be read out. When the signal
MEND 2209 is asserted, the wait condition is canceled
and a correct micro mnstruction is set in the MIR to
cause the computation unit to operate. The control
circuit 3003 also issues an operand read request through
the signal line 2211.

The above operations are summarized in the timing
chart of FIG. 11. The MIAR 3007 and the MIR 3002
are through-latches that assume the through state when
the clock ¢ 1s high. The SMIR 3001 and the register
3006 are through-latches that assume the through state
when the clock ¢ 1s low. FIG. 11 represents the case
where the nth and n+ 2nd micro instructions are in the
ROM while the n+ Ist micro instruction is not in the
ROM.

Next, we will describe the operation of the circuit
3005 which checks that the micro instruction is not in
the ROM, by referring to FIGS. 3 and 4. FIGS. 3 and
4 show a preferred embodiment of this invention. As
shown 1n FI1G. 4, the 16k words of micro instruction
space 1s divided into four parts, with one part being
shown as shaded from address ‘0000’ to *OFFF" stored
in the ROM. This restriction of micro instruction stor-
age on the ROM poses no problem if frequently used
micro instructions are contained within this range of a
4k-word address. It is then possible to generate a signal
indicating the absence of the desired micro instruction
in the ROM by checking the two high order bits of the
micro instruction address. In more specific terms, this
can be achieved by asserting the micro instruction ac-
cess wait signal 3103 and the micro instruction read
request signal 2210 to be ““1” when one of the two high
order bits 3101-12 and 3101-13 of the micro instruction
address 3101-0 to 3101-13 is 1",

With this invention, the ROM capacity can easily be
changed by changing the micro instruction address to
control the hardware access to the ROM and to the
external memory. That i1s, the ROM capacity can be
changed simply by changing the circuit 3005 that de-
tects the absence of the desired micro instruction in the
ROM, without having to make changes in the micro
instructions.

FI1G. § shows a preferred embodiment of the circuit
3005 (FIG. 1) which detects the absence of the desired
micro instruction in the ROM. This circuit 3005 pro-
duces the micro instruction read request 2210 and the
micro instruction read wait signal 3103 when, in addi-
tion to the conditions described 1n FIG. 4 having been
met, any of the four 14-bit registers $5001-1 to 5000-4
agrees with the micro instruction address 3101. 5001-1 is
a comparator which issues an agreement signal 5101-1
when the address 3101 and the contents of register
5000-1 agree. Similarly, 5001-2 to 3001-4 are compara-
tors that compare contents of registers 5000-1 to 5000-4
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and the address 3101. 5002 denotes an OR gate to check
if there is any register that is identical with the address
3101. 5004 denotes an OR gate which checks the ROM
area as explained with reference to FIG. 3.

At the system startup, the addresses in the ROM that
one wants to debug are written in the registers 5000-1 to
5000-4. The written data is transferred to the registers
5000-1 to 5000-4 through the bus 22158. Specification of
the register into which the data is to be written is made
by the two-bit signal 3111 which is one of the fields of
the micro instruction. The two-bit signal 3111 is de-
coded by the decoder 5003 which outputs register spec-

- ification signals 5103-1 to 51034.
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FI1G. 6 gives details of the registers 5000-1 and the
comparator 3001-1 of F1G. §. The comparator of this

configuration was the subject of Japanese Patent Appli-
cation No. 93686/1985.

6000-1-0 to 6000-1-13 denote cells each containing a
1-bit address and a 1-bit comparator. 6001 denotes a
signal line that produces a wired-OR logic result of the
14 comparator outputs. Each cell compares the content
of the built-in register with the address 3101 and, if they
disagree, pulls the signal line 6001 off. Thus, the signal
line 6001 remnains connected only when the agreement is
established for all the bits. 6003-1 denotes a sense ampli-
fier for the signal line 6001 whose output 5101 goes high
when the register content and the address are consistent
with each other for all the 14 bits. 2215-0 to 2215-13
denote buses through which to send data to the registers
that hold the addresses to be debugged. $103-1 denotes
a signal line to specify the data writing operation.

FIG. 7 shows the configuration of the cell 000-1-0 of

FIG. 6. Other cells 6000-1-1 to 6000-1-13 also have an
1dentical structure.

PMOS 7002, 7003 and NMOS 7004, 70058 form a
one-bit register. NMOS 7000 and 7001 denote signals
that are turned on when writing into registers. NMOS
7006 to 7009 constitute a circuit that compares the
above register with the input address 3101-0 by EQR
logic. This circuit pulls the signal line 6001 off when
they disagree.

FIG. 8 shows the circuitry of the sense amplifier
6003-1 of FIG. 6. 8000 denotes a bipolar transistor
whose output 5101-1 goes low when the base current is
pulled off through the line 6001. When the register
content and the address 3101 agree, the base current is
not cut off leaving the bipolar transistor 8000 turned on
and the output §101-1 remains high.

FIG. 9 shows the circuit 3008 that generates the ad-
dress of the micro instruction which is not in the ROM
of F1G. 1. 9000 denotes a register to hold a 15-bit higher
order address. The main memory address 2212 of the
mICro instruction is generated by setting the three low
order bits 0 to 2 to zero, setting the micro instruction
address 3101 to the 14 intermediate order bits 3 to 16,
and putting the contents of the register 9000 in the 15
high order bits 17 to 31. The reason for setting the three
low order bits to zero is that the main memory address
is assigned for each byte and that the micro instruction
iIs 8-byte wide. With the above configuration, it is possi-
ble to easily change the micro instruction address into
the main memory address.

By overwriting the register 9000, it is also possible to
put different versions of micro instructions in the main
memory and selectively read them out.

Of the micro instruction address space allocated in
the main memory, 4k words of space whose micro in-
structions are stored in the ROM are usually not ac-
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cessed. But when there is an error in a micro instruction
in the ROM and its address is registered with the regis-
ter within 3008 of FIG. 1, the correct micro instruction
1s written at the corresponding address in the main
memory. To keep track of the sequence of the micro
instructions, it is also possible to easily disable the read-
ing of the internal ROM and make an access to the
micro mstructions in the main memory.

Lastly, a detailed explanation will be given to regard-
ing the configuration of the control circuit 3003 of FIG.
1. FIG. 10 shows this detailed configuration.

Numeral 10000 denotes a register uTOP to hold the
start address of the micro instruction; 10001 denotes a
register uPC to add “1” to the next micro instruction in
address 3110 and hold the sum; 10002 denotes a register
PPC 10 hold the address 3110 as it is; 10003 denotes a
4-word stack STACK to hold the return address for the
micro instruction; 10004 denotes a register 1o hold the
LITERAL field of the micro instruction: and 10005
denotes a register to hold the start address of the excep-
tional processings performed as in the case of memory
error. 10006 denotes a selector to select one register
from among the above registers and to send out the next
address 3110. 11000 to 11005 denote signals to indicate
to the selector 10006 to choose from among 10000 to
10008. |

F1G. 13 shows what is meant by combinations of the
three bits SC0 to SC2 in the micro instruction that con-
trol the next address. Of the signals supphed to the
control circuit 3003, let the micro instruction wait sig-
nal 3104 be designated uIFWAIT, the condition estab-
lishment signal 2216 TAKEN, the memory access end
signal 2209 MEND, and the memory error signal 2208
MERR. Then, uPC, PPC, STACK, uTOP, LITERAL
and OTHER are generated by the following logic.

uPC={C+BC TAKEN).READY

PPC = MEND.(OFWAIT + uJFWAIT)
STACK=RTN.READY
uwTOP=DOPB.READY
LITERAL =(UBL + BC.TAKEN+ BAL).READY

OTHER = MER MEND (OFWAIT + uIFWAIT)

where
READY=MERMEND(OFWAIT+ uiFWAIT)-
+ OFWAIT W JFWAIT

C, UBL, BAL, DOPB, BC, and RTN are generated
from SCO0, SC1 and SC2 according to the logic of FIG.
13.

FI1G. 15 shows another embodiment of this invention.

15000 denotes a BPU which is the BPU 2000 of FIG.
2 1o which 1s added the instruction cache memory
15001. As the degree of LSI integration increases, it
becomes possible to incorporate a large-capacity cache
memory of 1k to 8k bytes. The cache memory 15001
operates to store the instructions which are accessed
according to the instruction fetch pointer 2107 as an
address and the micro instructions that are accessed
according to the micro instruction pointer 2106 as an
address. The cache memory on the chip has an access
time two to five times faster than the off-chip main
memory. 15002 denotes an address bus connected to the
cache memory. 15003 denotes a data bus through which
data read from the cache memory is sent to the instruc-
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tion buffer 2100 and to the micro instruction control
unit 2102.

With this configuration, the instructions and the
micro instructions in the main memory are read out
from the cache memory 15001 and this increases the
speed of the BPU processing. Furthermore, since the
instructions and the micro instructions can be read out
at the same time that the operands are read, the conten-
tion between the reading of instructions and micro in-
structions and the reading of operands can be avoided.

When the desired instruction to be read is not present
in the cache memory, a block of instructions including
the target instruction is taken out from the main mem-
ory and stored in the cache memory. These procedures
are the same as those for conventional cache memory
control.

According to this invention, since the often used
micro instructions are put in the on-chip ROM, signal
transfer between the LSI chips can be eliminated in the
read operation, reducing the machine cycle.

This invention also aliows the micro instructinos to
be extended into the main memory, making it possible
for the information processing apparatus to have a large
number of micro instructions. Another advantage is
that, since the reading of the micro instructions not
present in the ROM is performed through the main
memory address bus and data bus and no dedicated
buses for reading are provided, the number of pins of
the BPU chip can be reduced.

With this invention, when one wishes to debug an
instruction contained in the ROM, this can be done by
writing into the register beforehand the address in the
ROM of the instruction to be debugged to disable the
reading of the micro instruction in the ROM and instead
use the micro instruction in the main memory. This
allows the micro instruction in the ROM to be cor-
rected easily.

We claim:

1. An information processing apparatus comprising:

2 memory:;

an address bus coupled to said memory for carrying
an address to the memory;

a data bus coupled to said memory for carrying data
to and from the memory;

a fetch pointer connected to the address bus for hold-
ing an address of a macro instruction to be read out
from the memory;

a memory address register (MAR) connected to the
access bus for holding an address of an operand to
be written into or read from the memory;

an instruction buffer connected to the data bus for
storing a macro instruction read from the memory;

a memory data register (MDR) connected to the data
bus for holding an operand to be written into or
read from the memory;

a micro instruction pointer connected to said address
bus for holding a memory address converted from
a micro instruction address;

a computation unit controlled by a micro instruction
for performing a calculation;

a micro instruction control unit including
a sub micro instruction register (SMIR) connected

to the data bus for holding a micro instruction;
a micro instruction address register (MIAR) for
holding a micro instruction address:

a ROM storing a part of a plurality of micro instruc-
tions with the remaining part of said plurality of
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mICro instructions being stored in the memory, the

ROM being connected to said micro instruction

address register and to said sub micro instruction

register;

next address determining means coupled to said sub $
micro instruction register for decoding the field
of a micro instruction which specifies a next
micro instruction of a sequéence of micro instruc-
tions, and for generating and sending a next
micro instruction address to said micro instruc- 10
tion address register;

means for detecting from the address of a desired
micro instruction stored in said MIAR that the
desired micro instruction is not present in the
ROM; 15

means for converting the address of a desired
micro instruction into a memory address for
accessing a storage location in the memory and
transferring the memory address to the micro
instruction pointer; 20

means for inhibiting micro instruction reading from
the ROM, for reading a desired microinstruction
from the memory and for storing the read micro
Instruction in said sub micro instruction register
in response to said detecting means; and 25

a memory control unit connected to said fetch
pointer, said memory address register, said micro
instruction pointer and said micro instruction con-
trol unit for controlling the transfer of macro in-
struction, micro instruction and operand addresses 30
on said address bus.

2. An information processing apparatus, as set forth in
claim 1, wherein the detecting means comprises means
for checking several high order bits of a micro instruc-
tion address to determine whether the desired micro 35
instruction 1s in said ROM.

3. An information processing apparatus, as set forth in
claim 1, wherein the detecting means is comprised of
one or more registers holding addresses of micro in-
structions that are stored invalidly in the ROM and 40
validly in said memory; means for comparing an address
of a desired micro instruction with the contents of these
registers and for detecting whether there is at least one
register having contents that agree with the address of
the desired micro instruction and means for actuating 45
said inhibiting means when agreement is detected by
said comparing means.

4. An information processing apparatus, as set forth in
claim 1, wherein the converting means includes means
for combining high-order bits held in a base register and 50
representing a micro instruction memory area and low-
er-order bits in a micro instruction to obtain the mem-
ory address of the desired micro 1nstruction.

5. An information processing apparatus, comprising:

a microprocessor formed on a single semiconductor 55
chip and including a ROM storing a plurality of
micro instructions; and

a semiconductor memory in the form of an external
memory connected to said microprocessor and
storing data in the form of operands, macro instruc- 60
tions and micro instructions which are accessed at
a lower rate that micro instructions stored in said
ROM of said microprocessor;
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said microprocessor further comprising:

(a) first access means for applying to said ROM an
address of a desired micro instruction specified
by a macro instruction to access said ROM to
read out said desired micro instruction;

(b) second access means for applying to said semi-
conductor memory said address of said desired
micro instruction to access said semiconductor
memory to read out said desired micro instruc-
tion;

(c) detecting means, including a plurality of regis-
ters which each store a ROM address of a re-
spective micro instruction which is stored both
in said ROM and said semiconductor memory,
and comparison means for comparing a micro
instruction address stored by each of said regis-
ters with said address of said desired micro in-
struction and for producing a coincidence signal
when two addresses agree, for detecting
whether said desired micro instruction is stored
only in said ROM, only in said semiconductor
memory or both in said ROM and said semicon-
ductor memory;

(d) calculation processing means for performing a
calculation according to a micro instruction read
out by said first or second access means: and

(e) means responsive to said detecting means for
supplying a micro instruction read out by said
first access means to said calculation processing
means when said detecting means detects that
said micro instruction is stored only in said
ROM, and for supplying a micro instruction read
out by said second access means to said calcula-
tion processing means when said detecting
means detects that said micro instruction is
stored only in said semiconductor memory or
both in said semiconductor memory and said
ROM.

6. An information processing apparatus according to
claim §, wherein said detecting means further includes
means for checking several high-order bits of said ad-
dress of said desired micro instruction to determine
whether said desired micro instruction is stored only in
said ROM or only in said semiconductor memory.

7. An information processing apparatus according to
claim 5, wherein said semiconductor memory stores
micro instructions which are accessed at a low fre-
quency and said ROM stores micro instructions which
are accessed at a high frequency.

8. An information processing apparatus according to
claim 5, wherein said microprocessor further comprises
an instruction cache memory for storing a portion of the
micro instructions and macro instructions stored in said
semiconductor memory, and further access means for
accessing said instruction cache memory to read out
micro mstructions stored therein.

9. An information processing apparatus according to
claim 8, wherein, in the case of a conflict by a micro
instruction read out operation and a macro instruction
read out operation by said further access means, priority
Is given to the micro instruction read out operation over

the macro instruction read out operation.
» " * L X
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